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Influence of granule structure mineral fertilizers for their
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ABSTRACT

In this article, maintaining the quality and commercial properties of mineral fertilizers during
repeated transshipment and long-term transportation is one of the important issues. The
purpose of the research work is to study the structure of granules of complex mixed fertilizers,
as well as to find and develop methods for improving it at the production stage in order to
improve the physical and mechanical properties of the finished product. In order to improve
Received: May 28, 2024 the granular structure of the mineral fertilizer, the static strength of the granules, the mass
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fraction of moisture, the chemical composition and structural shape of the granules were
determined using an electron microscope. Using the X-ray microtomography method,
experimental data on the internal structure of granules of complex mineral fertilizers were
obtained and generalized for the first time, porosity, the nature of the distribution of pores and
components of granules by volume were assessed. It has also been studied that the structure
of granules and the nature of the pore distribution of fertilizers obtained according to different
granulation schemes have fundamental differences, which is explained by the difference in the
mechanisms of granule formation. It has been shown that when producing NP and NPS
fertilizers using a reverse neutralization scheme, existing defects in the granule structure
(cracks and pores) do not impair the physical and mechanical characteristics of the product,
which makes it possible to recommend this scheme for use and thereby increase productivity
by 20-25% .
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Introduction The range of mineral fertilizers produced in the
Republic of Kazakhstan today is changing in favor of
complex NP, NP(S) and NPK fertilizers, which meets
modern consumer preferences. Complex mixed

fertilizers, as a rule, are more concentrated and

The manufacture of mineral fertilizers is an
important area of the Kazakh agro complex,
occupying a leading position in non-hydrocarbon,
non-resource exports.

The country is experiencing an increase in the
production of complex mixed mineral fertilizers for
export.

require lower costs for transportation, storage and
application compared to single-component
fertilizers.
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Improved quality of exported mineral fertilizers
is a prerequisite for increasing export potential and
an important factor in  maintaining the
competitiveness of Kazakhstani producers. Thus,
the problem of preserving the quality of mineral
fertilizers during numerous transshipments and
long-term transportation is one of the key ones for
the industry as a whole. In addition, by improving
the physicochemical properties of mineral
fertilizers, can significantly growth the efficiency of
their use and avoid losses at the application stage
[[1L[2]].

The consumer properties of granular mineral
fertilizers - static strength of granules, caking,
dustiness - are interrelated and depend on the
substance constituents and building of the
granules, which is largely determined by the
technological parameters of the production process
(3], [4]].

Currently, modern non-destructive methods for
studying the structure of solids, such as X-ray
microtomography and scanning electron
microscopy, have appeared and become available.
The use of these methods allows us to study in
detail the structure and distribution of chemical
elements in granules of complex mineral fertilizers,
as well as their relationship with physical and
chemical properties [[5],[6]].

The importance of scientific work is to study
the structure of granules of complex mixed
fertilizers, as well as to search and develop
methods for improving it at the production stage to
improve the physical and mechanical feature of the
eventual product.

Experimental part

Object of research. To study the properties of
granular mineral fertilizers, the most popular
brands of NP, NPS and NPK fertilizers produced by
Kazphosphate LLP were selected. Sample
preparation and sampling for experimental work
was carried out in accordance with the established
procedure [7].

Research methods. Determination of the static
strength of sample granules. The static strength of
sample granules was measured according to GOST
21560.2-82. The static strength of the granules was
studied using a texture analyzer Text plus. The
strength measurement range is from 0.1 to 10 MPa,
with a relative error #4% and a speed of movement
of the work table from 0.8 to 1.0 mm/s.

Determination of mass fraction of water. The
mass fraction of hygroscopic and total water was
determined by drying in oven in accordance with
[8].

Study of the structure of granules using X-ray
microtomography. The study of the structure of
fertilizer granules using X-ray microtomography
was carried out using a SkyScanl1172 device
(Bruker), followed by computer analysis of the data
obtained. Computer processing was carried out in
the nRecon and CTan programs. nRecon converts
shadow projections into tomographic slices.
Analysis of tomographic sections was carried out in
the CTan program to isolate X-ray contrast phases.
The analysis is carried out over a certain volume in
the shape of a sphere inscribed within the
dimensions of a mineral fertilizer granule.

Study of the structure and chemical
composition of granules using scanning electron
microscopy. The building of the granules was
researched by SEM using a TM3030 microscope
(Hitachi, Japan), as well as on a JEOL JSM-JSM-6490I
V) scanning electron microscope SEM. The spread
of chemical compounds over the surface of chipped
granules was researched by X-ray using an EDS
Quantax 70 (Bruker).

The discussion of the results

The structure of granules of complex fertilizers
is determined, first of all, by the technology of their
production: the method of granulation and drying,
as well as the modes of the technological cycle and
the method of introducing raw materials. In turn,
the structure of granules affects the physico-
chemical and physicomechanical characteristics of
granular fertilizers - static strength, caking,
abrasion, dustiness [[9], [10]].

To assess the surface porosity of fertilizer
granules, it is proposed to supplement the X-ray
microtomography method by studying the
distribution of carbon on chipped granules treated
with conditioning additives based on mineral oil.
The depth of penetration into the carbon granule,
and thus the depth and approximate volume of
surface pores. This is possible because the
fertilizers under study contain no carbon [[11],
[12]]. Distribution of phosphorus and carbon over
the cleavage (blue color indicates phosphorus, red
color indicates carbon). The obtained data are
depict in Figure 1.
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Mapping
MAG: 180x HV: 15kV WD: 8, imm

Figure 1 - Micrograph and distribution of chemical
elements over a chipped granule

dapk_A0158

Figure 2 - Micrograph of chipped granule sample 1

Based on Figure 1, it is shown that the depth of
individual surface pores can reach 400 um. It
should be noted that the presence of surface pores
largely determines the hygroscopic characteristics
of the product, and can also increase the
consumption of conditioning additives. Using non-

destructive methods, a comparative analysis of the
structure of granules and physical and mechanical
properties of monoammonium phosphate samples
(sample 1), obtained according to the scheme with
one-stage neutralization and with reverse

neutralization - sample 2, was carried out. The data
obtained are depict in Figures 2 and 3.

From Figure 2 it can be seen that the granules
of sample 1 have a more uniform structure.

dapk_A0163
Figure 3 - Micrograph of chipped granule sample 2

From Figure 3 it follows that the granules of
sample 2 contain individual large cracks and pores
with a diameter of up to 100-150 um. The overall
porosity of the granules is also slightly higher
compared to sample 1. This is due to the lower
humidity and higher viscosity of the pulp during the
neutralization process [[13], [14]].

The results obtained during processing with the
energy-dispersive method using scanning electron
microscopy JEOL JSM-JSM-6490I V) (JEOL, Japan)
are depict in Figure 4.

From Figure 4 it follows that the distribution of
chemical elements over the chips of granules of the
studied samples allowed us to establish that the
distribution of nitrogen, phosphorus and sulfur in
both cases is uniform over the volume of the
granule [[15], [16]]. For the samples under study,
the static strength of the granules was also
determined.

Table 1 - Static strength and porosity of MAF granules

Product | Static strength of granules, Porosity, %
MPa

Sample 1 7.5+0.5 4.140.1

Sample 2 9.240.8 5.840.1
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Mapping
MAG: 40x_HV: 15kV_WD: 7.7mm

Figure 4 - Distribution of chemical elements over a
chipped MAF granule

From Table 1 it follows that the static strength
of the sample granules is satisfactory; for granules
obtained using the “deoxidation” scheme, the static
strength is slightly higher. Based on the results of
the studies, it was determined that in the case of
samples obtained with reverse neutralization, the
existing structural defects (cracks and pores) do not
have a significant effect on the strength of the
granules. The distribution of the main elements -
nitrogen, phosphorus, sulfur - is evenly distributed
throughout the volume of the granules. All this
allows us to recommend a scheme with reverse
neutralization for use [[17], [18]].

Using non-destructive analysis methods, the
structure of granules of a number of NPK and NP(S)
samples was studied and a tomographic cross-
section of an NPK fertilizer granule was presented
[[19], [20]]. The maximum X-ray density on the

presented tomographic sections corresponds to
white, and the minimum (air) to black.

Figure 5 - Tomographic cross-section of an NPK
fertilizer granule

Based on the data (Figure 5) obtained using
microtomography, we can conclude that in samples
of NPK and NPS fertilizers, crystals of ammonium
sulfate and potassium chloride are distributed
throughout the volume of the granules quite evenly
and practically do not dissolve in the phosphate
pulp (crystal boundaries clearly expressed), and the
pores present in the granule are not associated
with low wettability of KCl and (NH4),SO.. This is
confirmed by analysis of granule chips using SEM.

ERs
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Figure 6 - Microphotograph of a chipped NPK
fertilizer granule
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From Figure 6 it follows that the structure of
the granule is quite dense, the crystals of NPK
fertilizers are evenly distributed throughout the
volume of the granule.

Mapping
MAG: 40x HV: 15kV_WD: 10mm

Figure 7 - Distribution of chemical elements across the
grain of an NPK fertilizer granule

From Figure 7 it follows that the analysis of
chips of granules of the fine fraction (1-2 mm) of
complex NP(S) and NPK fertilizers confirms that the
introduced KCl and (NH4);SO4 are well wetted by
the phosphate solution.

Conclusions

Using the X-ray microtomography method,
experimental data on the internal structure of
granules of complex mineral fertilizers were
obtained and generalized for the first time,
porosity, the nature of the distribution of pores and
components of granules by volume were assessed.
It has been shown that the structure of granules
and the nature of the pore distribution of fertilizers
obtained according to different granulation
schemes have fundamental differences, which is
explained by the difference in the mechanisms of
granule formation.

It was revealed that in granules of NPK and
NP(S) fertilizers produced according to the AG-SB
scheme, crystals of ammonium sulfate and
potassium chloride are distributed evenly, and the
pores present in the granules are not associated
with the low wettability of the introduced KCl and
(NH4),SO04.

It has been shown that when producing NP and
NPS fertilizers using a reverse neutralization
scheme, existing defects in the granule structure
(cracks and pores) do not impair the physical and
mechanical characteristics of the product, which
makes it possible to recommend this scheme for
use and thereby increase productivity by 20-25%.
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MuHepanabl TbIHAUTKbILWTAP TYMIPLWIKTEPiHiH KYPbINIbIMbIHbIH,
onapAabiH PU3NKA-XMMUANDIK KacueTtepiHe acepi

'Cmaitnos 6.M., 'Beiicenbaes 0O.K., 'AHap6aes A.A., 23akupos B.C., *Aravind U.K.

IM. dyezoe ambiHOaFbl OHMycmik KazakcmaH 3epmmey YHusepcumemi, LLleimkeHm, KazakcmaH
2}Kannel #aHe beliopeaHUKAbIK XUMuUs UHcmumymel, TawkeHm, ©36ekicmaH
3Ko4uHAiK Folabim HaHe mexHonozusa yHusepcumemi, Kepanna,YHOicmaH

TYRIHAEME

MwuHepanabl TbIHAUTKbIWTaPAbI KalTa TUey XaHe y3ak mep3simre TacbiMangay KesiHge onapabiH,
canacbl MeH TayapAblk KacueTTepiH caKTay MaHbi3abl macenenepgiH, 6ipi 6onbin Tabbinagpl.
FbINbIMU-3EPTTEY KYMBICbIHBIH, MaKcaTbl — KYPAENi apanac TbIHAWTKbIWTAPAbIH, TYMipLWIKTEPIHIH,
KYPbINbIMbIH 3€PTTEY, COHbIMEH KaTap AalblH OHIMHIH, (U3MKa-MeXaHWKanblk KacueTTepiH
JKAKCApTy MaKcaTblHA@ 6HAIpIC caTbiCbiHAA OHbl XKeTingipy aicTepiH Taby »kaHe asipney.
MuHepanapl TbIHAUTKbIWTBIH, TYWIPWIKTi KYPbIIbIMbIH KAaKCapTy MaKcaTbiHAA TYMipLWiKTEpAiH,
Makana kengj: 28 mamoip 2024 CTaTUKanblK GepiKTir, blAFanAblH, Maccanblk, YAeCi, TYWIPLWIKTEPAiH XMMUANBIK Kypambl MeH
CapanTtamagaH eTTi: 28 maycoim 2024 KYPbIIbIMAbIK ~ MilliHi  9N1EKTPOHABI MMUKPOCKONTbIH, KOMeriMeH aHblKTanabl. PeHTreHAik
Kabbinganabl: 5 Keipkyliex 2024 MUKpoTOMOrpadua 3aiciH  KongaHa oOTbIpbin, KypAeni MuHepangbl TbIHAWTKbIWTAPAbIH,
TYMipLWIKTEePiHiH iWKi KypblAbIMbl Typasbl Taxipubenik manimeTTep a/nblHAbI KaHe anfaw peT
KMHAKTaNApl, KeyekTiniri, kenemi 6oiblHIWA TYRipWiKTepaiH, KeyeKTepi MeH KOMMOHEHTTEPIHIH,
Tapany cunatbiHa 6afa 6epingi. CoHaa-ak TYMipLWiKTEPAIH, KYPbIbIMbI MeH 3pTypAi TyHipLikTey
cxemanapbl GOMbIHWA anblHFaH TbIHAWTKbIWTAPAbIH, KeyeKkTi Tapany CunaTtbiHbIH, MPUHLMATI
avibipmawbIbIKTapbl 6ap eKkeHAiri 3epTrendi, 6yn TyNipwikTepdid, Ty3iny mexaHU3mAepiHiH,
aliblpmallbInbIFbIMEH TyciHAipineai. Kepi 6eiTapanTaHAblpy CXeMacblH KongaHa oTbipbin, NP
oHe NPS TbIHAMTKpIWTapblH  BHAIPY KesiHAe TyMipwik KypblibiMbiHAaFbl 6ap akaynap
(KapblKTap MeH KeyekTep) ©HIMHiH, (U3MKanblK KaHE MeXaHMKaiblK cunaTTamanapbiH
e3repTneinTiHi aHbIKTanabl, byn ocbl cxemaHbl NanAanaHyFa ycbiHyFa MyYMKIHAIK Bepeai xaHe con
apKblbl BHIMAINIKTI 20-25%-Fa apTTbipagbl.

TyiiiH ce30ep: MvHepanapl ToIHAUTKbIW, BEepiKTINIK, Kypblabim, TYMipLWik, 3epTTey.
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BAnaHMe CTPYKTYPbI FpaHy/1 MUHEPa/ibHbIX YyA06peHuit Ha ux
$U3nMKO-XMMHUYECKMe CBOUCTBA

'Cmaitnos 6.M., 'Beiicenbaes 0O.K., 'AHap6aes A.A., 23akupos B.C., 3Aravind U.K.

HOxcHo-KazaxcmaHckuli Uccnedosamensckuli YHugsepcumem umeHu M. Ayesoea, LLbimkeHm, KazaxcmaH
2UHcmumym obweli u HeopaaHuveckol xumuu, TawkeHm, Y3b6ekucmaH
3Ko4uHcKuli yHusepcumem Hayku u mexHosozuu, Kepanna, UHous

AHHOTALUMUA

CoxpaHeHWe KauyeCTBEHHbIX M TOBAPHbIX CBOMCTB MUHEPA/IbHBLIX YA0BPEHNUI NPU MHOTOKPATHOW
nepesanke WM AJ/IMTENbHOW TPAHCMOPTUPOBKE ABAAETCA OAHMM M3 BaKHbIX Bonpocos. Llesb
Hay4YHO-UCCNeA0BaTENbCKON PaboTbl — M3YYUTb CTPYKTYPY IPaHy/N KOMMAEKCHbIX CMeLlaHHbIX
yoobpeHnid, a TakKke HalWTM M pa3paboTaTb METOAbI ee YAyylleHUs Ha 3Tane NPou3BOACTBA C
Lenblo yayylweHns GU3MKO-MeXaHUYECKMX CBOWCTB FOTOBOTO NMPOoAyKTa. C Uenbto yaydweHus
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3EPHUCTON CTPYKTYPbl MWHEPANbHOTO YAOBPEHUA C MOMOLLbI 3NEKTPOHHOIO MMKpOCKONa
onpeAenann CTaTUYECKYIO NPOYHOCTb FpaHy/l, MAccoBYl A0 BAArM, XMMWUYECKUWA COCTaB U
CTPYKTYPHYt0 popmy rpaHyn. C ucnonb3osaHvem cnocoba peHTreHOBCKON MUKpoTomorpadum
6b11M onpeaeneHbl M 06061 EHbI SKCNepUMEHTa/IbHbIE JaHHble O BHYTPEHHEN CTPOEHUU rpaHyn
Mocrynuna: 28 mas 2024 CNOXKHbIX MUHEPaNbHbIX YAOOPEeHWI, OLeHeHa MOPUCTOCTb, XapaKTepylowuii pacnpeseneHuns
PeuieH3npoBaHme: 28 utoHa 2024 nop W coefuHeHUN rpaHyn no obbemy. TakKe U3y4eHO, YTO CTPOEHWUE FpaHyn U CBOWCTBa Nop
MpuHAaTa B NeyaTb: 5 ceHmaAbpa 2024 yA006peHniA, NoNyYeHHbIX MO Pa3HbIM CXeMaM TPaHYNALMIA, UMeOT NPUHLUMNUANAbHbIE Pa3Nnuna,
4YTO 06BACHAETCA Pa3IMuMemM MexaHM3MOB rpaHy1006pasoBaHmA. MoKasaHo, 4TO NPU NOAYYEHUN
NP 1 NPS ynobpeHuit no cxeme obpaTHON HeWTpanusaumMm umetrowmecs AedekTbl CTPYKTYpbl
rpaHyn (TpewwmHbl U NOpPbl) He YXYALWaT GU3NKO-MEXaHUYECKME XapaKTEPUCTUKM NPOAYKTA, YTO
No3BO/NAET PEKOMEHAOBATb [AAHHYIO CXEeMY K WCMONb30BAaHUIO M TEM CamblM MOBbLICUTb
npousBoAuTeNbHOCTb Ha 20-25%. YcTaHoBAeHO, 4To npu npoussoactse NP-u NPS-yaobpeHuit
Mo YCTaHOB/IEHHOWN cXxeme C 06paTHOM HelTpanunsaumeln umetolmecs aedekTbl CTPOEHUA rPaHyn
He u3MeHAET (U3UKO-MEXaHUYECKME XapaKTePUCTUKM TOTOBOrO MPOAYKTa, YTO NO3BONAET
peKoMeHA0BaTb  [AaHHYK  TEXHOMOMUI0 K MPUMEHeHUI0 U TeM CamblM  MOBbILIAET
npousBoAnTENbHOCTb Ha 20-25%.

Kntouesble cn06a: MvHepanbHoe yaobpeHue, NPOYHOCTb, CTPYKTYPa, 3€PHO, UcCaeaoBaHme.
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